Background and Purpose-Detection and treatment of atrial fibrillation is a major goal in secondary stroke prevention.
See related article, p 1969.
A trial fibrillation (AF) is the leading cardiac cause of stroke, 1 and its identification after a stroke or transient ischemic attack (TIA) is important for guiding secondary prevention management. However, paroxysmal AF frequently goes undetected and untreated if sufficient ECG monitoring is not performed. 2 Increasing evidence from observational studies and randomized trials supports the effectiveness of electrocardiography (ECG) monitoring for improving the detection and treatment of paroxysmal AF after stroke. 3 Holter ECG monitoring hours) detects paroxysmal AF in ≈5% of stroke patients, 4 and longer duration ECG monitoring detects AF in an additional 5% to 30% of patients depending on the type and duration of monitoring. [5] [6] [7] [8] [9] Several current guidelines recommend a minimum of 24 hours of ECG monitoring after stroke. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] However, it is unclear how intensively patients presenting with ischemic stroke or TIA are being screened for paroxysmal AF in routine practice.
The present study sought to evaluate the type and duration of ambulatory ECG monitoring performed after stroke/TIA in a large provincial stroke registry as a quality indicator for secondary stroke prevention.
Methods

Study Design and Data Sources
This cohort study (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) used data from the Ontario Stroke Registry linked with administrative health data from the province of Ontario, Canada. This registry is authorized under provincial privacy legislation to perform data collection without individual patient consent and prospectively captures all consecutive patients with acute stroke or TIA presenting to the emergency department (ED) of 12 designated stroke centers. Details of the registry methodology have previously been described. 21 This study was approved by the Research Ethics Board at Sunnybrook Health Sciences Center.
Using unique encoded patient identifiers, we linked the stroke registry to administrative databases housed at the Institute for Clinical Evaluative Sciences to obtain data for diagnostic procedures and outcomes. We captured the use of currently available and reimbursed ambulatory ECG monitors in Ontario, including Holter monitoring (24, 48 , and >60 hours) and 14-day event loop recorders, by linkage to the Ontario Health Insurance Plan database. This database provides data on physician claims for universally available government-funded hospital services, physician visits, and diagnostic tests for all of Ontario's ≈12 million registered residents (see Table I in the onlineonly Data Supplement). We used the Canadian Institute for Health Information Discharge Abstract Database to document readmissions for stroke (ICD-10 codes: I630-I635, I637-I639, I64) within 90 days of the index admission and the Ontario Registered Persons Database to obtain out-of-hospital mortality data for all deaths within 90 days of the index admission.
Eligibility Criteria
We identified all consecutive patients with a first-ever acute arterial ischemic stroke or TIA presenting to the ED of designated stroke centers in Ontario from July 1, 2003, to March 31, 2013. To maximize specificity for the diagnosis of TIA, we only included TIA events with documented motor or speech presentation. To ensure that patients in the study cohort represented reasonable candidates for ECG monitoring, we excluded patients with known AF (previous history of AF or AF documented on admission ECG in the ED); pacemaker; history of prior stroke or TIA; any index stroke occurring in hospital or attributed to cervicocephalic artery dissection, vasculitis, or cerebral venous thrombosis; or documentation of a palliative care plan after stroke. To ensure that the study population focused primarily on those with an undetermined etiology, we excluded those who underwent carotid endarterectomy or carotid stenting within 90 days of the index event from all analyses, with the exception of comparisons between Holter monitoring and other diagnostic investigations.
Outcomes
The primary outcome was the proportion of patients who received at least 24-hour Holter monitoring within 30 days of their index stroke or TIA. Secondary outcomes included (1) the proportion of patients receiving single or multiple Holter studies for a maximum cumulative ECG monitoring duration of 24, 48, or >60 hours within 7, 30, or 90 days after stroke/TIA; (2) the proportion of patients receiving prolonged ECG monitoring with an event loop recorder within 7, 30, or 90 days after stroke/TIA.
Primary and secondary outcomes were analyzed both for the full study cohort and according to the following prespecified subgroups: (1) patients admitted to hospital versus those discharged from the ED; and (2) ideal candidates for AF screening, defined as those with a nonlacunar stroke event, who were discharged alive to home, inpatient rehabilitation, or another acute care hospital with a discharge modified Rankin scale score of 0 to 3 (ie, ambulatory without severe disability) versus the remainder of the study cohort.
We also conducted secondary analyses to evaluate factors associated with the primary outcome of 24-hour Holter monitoring within 30 days poststroke/TIA, assess temporal trends in monitoring use over the study period, and compare the proportion of patients undergoing at least 24-hour Holter monitoring to those undergoing other diagnostic procedures, including brain imaging with either computed tomography or magnetic resonance imaging, and echocardiography with either transthoracic or transesophageal echocardiography within 30 days after stroke/TIA.
Because inpatient telemetry was not routinely available in Ontario inpatient stroke units until recently, information on telemetry is not captured in these analyses. To assess the potential for bias in the exclusion of telemetry as an outcome, we surveyed the participating hospitals to determine whether routine inpatient telemetry was available for stroke patients during the study period.
Statistical Analyses
We generated frequency statistics to characterize the study cohort and used independent sample t tests and Chi-square testing to compare patients who underwent monitoring with those who did not on all continuous and categorical variables.
For the assessment of the primary outcome, we calculated the overall proportion of patients undergoing at least 24-hour Holter monitoring within 30 days after stroke or TIA. For secondary outcomes, we calculated the proportions of patients undergoing monitoring of different durations (24, 48 , and >60 hours; total cumulative monitoring durations if patients had multiple monitors) within 7, 30 , and 90 days after stroke or TIA. Chi-square testing was used to compare these proportions among prespecified subgroups.
We used cause-specific competing risk multivariable Cox regression to model patient factors affecting the rate of at least 24 hours of Holter monitoring within 30 days after stroke/TIA, adjusting for the competing risks of death and readmission for stroke before monitoring. Trend tests were used to evaluate changes in monitoring rates over the study period. McNemar χ 2 testing was used to compare the proportions of patients who underwent at least 24 hours of Holter monitoring with those who underwent brain imaging or echocardiography within 30 days from the date of the index stroke/TIA, and an unadjusted odds ratio was calculated to determine the likelihood of undergoing Holter monitoring versus echocardiography after stroke/TIA. SAS version 9.4 (SAS Institute Inc, Cary, NC) was used for all data analyses. All tests were 2-tailed, and P values <0.05 were considered significant.
Results
The cohort comprised 17 398 patients with a first acute ischemic stroke or TIA who met the eligibility criteria and were considered potential candidates for ECG monitoring for AF detection ( Table 1 ). The mean age was 68.8±14.3 years, 62.8% had a history of hypertension, and 88.2% were functionally independent before the index event. The index event was an ischemic stroke in 75% of the patients and TIA in 25%. Two thirds (67.7%) of patients were hospitalized, with a median length of stay of 4 days (interquartile range: 0-10). Of those hospitalized, the majority (78.8%) had a modified Rankin Scale score of ≤3, indicating moderate, slight, or no disability, and 82.6% were discharged home or to inpatient rehabilitation (Table 1 ). Significant differences between those who did or did not undergo 24-hour Holter monitoring within 30 days of stroke or TIA were observed for several patient characteristics ( Table 1) .
Analysis of the primary outcome indicated that 30.6% (95% confidence interval [CI] 29.8-31.4) of patients underwent at least 24 hours of Holter monitoring within 30 days after stroke/TIA ( Table 2) . Analysis of secondary outcomes indicated that among those who underwent monitoring within 7, 30, or 90 days of the index event, studies were almost exclusively restricted to 24-or 48-hour Holter recordings. Less than 1% of patients received prolonged ECG monitoring with Unadjusted comparisons between prespecified subgroups showed that significantly more stroke/TIA patients who were admitted to registry hospitals or who represented ideal candidates for ECG monitoring underwent 24-and 48-hour Holter procedures across most time points (P<0.001), but that no association between groups for monitoring procedures >60 hours in duration was observed (Table 3) .
Adjusted cause-specific multivariable Cox regression modeling indicated that patients who were admitted to hospital and were living independently before admission were more likely to undergo Holter monitoring within 30 days after stroke/TIA, whereas those who were under 75 years of age, resided in a rural location, had a disabling stroke (modified Rankin Scale score 4-5) or had a TIA because the presenting event were significantly less likely to undergo Holter monitoring within 30 days (Table 4) .
In contrast to the low observed rate of ECG monitoring, nearly all patients (97.3%, 95% CI 97.0-97.6) underwent brain imaging (computed tomography or magnetic resonance imaging) and just over half (55.3%, 95% CI 54.6-56.1) received echocardiography (transthoracic echocardiography or transesophageal echocardiography) within 30 days of stroke/TIA. McNemar testing revealed that the proportion of patients receiving echocardiography within 30 days after stroke/TIA was significantly higher than those receiving Holter monitoring (of any duration) (P<0.001; Figure) . An unadjusted odds estimate showed that patients were almost 2× more likely to undergo echocardiography than Holter monitoring within 30 days after stroke/TIA (odds ratio 1.8, 95% CI 1.67-2.01).
Discussion
In this provincial stroke registry, we found that over the last decade, only one third (30.6%) of consecutive patients with a first acute ischemic stroke or TIA presenting to designated stroke centers received the minimum guideline-recommended 24-hour Holter ECG monitoring within 30 days of their index event. Less than 20% received such monitoring in the acute phase (within the first week after stroke). Of those who did undergo any monitoring, the vast majority of studies were limited to a single 24-hour Holter recording, and <1% of patients received prolonged monitoring beyond 48 hours.
As practice guidelines recommend a minimum of 24 hours of ECG monitoring after stroke, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] these findings highlight an evidence-practice gap. Underutilization of ECG monitoring has implications for both etiologic stroke diagnosis and secondary stroke prevention. Approximately 25% of ischemic strokes are classified as cryptogenic, 22 and a growing body of evidence indicates that undetected paroxysmal AF likely accounts for a proportion of these events. 23, 24 Current diagnostic criteria for an embolic stroke of undetermined source require a minimum of 24-hour Holter monitoring, 22 shown to detect AF in ≈5% of patients. 4 Four randomized trials have demonstrated the effectiveness of longer duration ECG monitoring for improving AF detection and increasing oral anticoagulant treatment rates, 
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and emerging guideline recommendations are now calling for prolonged ECG monitoring for selected patients with cryptogenic stroke. 10, 19, 20 As anticoagulant therapy is superior to antiplatelet therapy for preventing stroke in patients with AF, 25, 26 but is not usually prescribed for stroke/TIA patients unless AF is documented, the goal of ECG monitoring is to find AF that may change patient management. Although some patients will be found to have only brief subclinical AF of uncertain significance, others will have a significant AF burden that would likely benefit from anticoagulant therapy. 20 Economic analysis suggests that 7 to 30 days of noninvasive ECG monitoring is likely to be a cost-effective strategy for detecting AF and preventing recurrent strokes. 7, 27 A striking observation in the present study is the discrepancy in the utilization of Holter monitoring relative to transthoracic echocardiography. We found that patients were almost 2× more likely to receive an echocardiogram than a Holter monitor study after stroke/TIA (odds ratio 1.8, 95% CI 1.67-2.01), a finding that we interpret as an evidence-practice paradox (Figure) . Specifically, an additional 21% of patients had an echocardiogram compared with a Holter monitor within 90 days of stroke or TIA. However, if a patient is considered a candidate for echocardiography, then a Holter or other ambulatory cardiac rhythm monitoring study is arguably at least as important, if not more important, for poststroke patient management. 9 Potential reasons for the observed low rates of ECG monitoring after stroke include lack of access to ambulatory ECG monitoring, lack of direct evidence that prolonged monitoring leads to lower rates of recurrent stroke, lack of inclusion of ECG monitoring as a quality measure, lack of emphasis on ECG monitoring in guidelines, and until recently, a lack of explicit guideline recommendations for any poststroke monitoring beyond 24 hours.
This study has limitations. We could not determine how many patients had inpatient telemetry (and for what duration), as this was not captured in the registry and is not consistently documented in hospital charts in clinical practice. However, our survey of participating hospitals indicated that only a small minority of patients would have had the opportunity to receive inpatient stroke unit telemetry in this cohort. Furthermore, negative inpatient telemetry does not exclude paroxysmal AF nor obviate the need for additional ambulatory ECG monitoring if AF is suspected, and similarly low rates of outpatient ECG monitoring were observed even among the patients who were not admitted to hospital (for whom inpatient telemetry was not performed apart from whatever monitoring may have been conducted in the ED). In terms of generalizability, the results of this study reflect poststroke management in tertiary care centers in a Canadian healthcare system and, thus, may not be representative of diagnostic practices in other jurisdictions. However, our findings are consistent with reported low rates of ECG monitoring in other high-income countries. 28, 29 Because our data reflect practice in hospitals with access to on-site Holter laboratories, it is likely that the rates of Holter monitoring are even lower in smaller community and rural hospitals. We acknowledge that ECG monitoring is not appropriate or necessary for all stroke patients, specifically those with catastrophic stroke, poor life expectancy, or contraindications to anticoagulant therapy. Ideal candidates for monitoring are elderly patients with an unexplained embolic stroke event, and good quality of life, who would be eligible for anticoagulant therapy if a sufficient burden of AF were detected. It is not possible from our stroke registry, however, to determine precisely which of our patients had an embolic stroke of undetermined source because this was not captured in the database. Based on the data available in our registry, we comprised an ideal subgroup as an approximation of individuals who we felt would represent prime candidates to consider for ECG monitoring.
Conclusions
Over the past decade in a large provincial stroke registry, we found that the majority of stroke/TIA patients did not receive a 24-hour Holter monitor study within 90 days, and almost none underwent serial or prolonged ECG monitoring beyond 48 hours. The underuse of poststroke ECG monitoring over the past decade has likely contributed to an overdiagnosis of stroke events as cryptogenic, an underdiagnosis of AF, and missed anticoagulant treatment opportunities for secondary stroke prevention. This study underscores the need for 
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clinicians and policymakers to address the gap between recent evidence regarding the effectiveness of ECG monitoring for AF detection and real-world practices. 
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